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The present invention relates to a view finder and, more particularly, to a 
view finder used in a video camera or the like. 



Description of the Related Art 

Digital cameras and video cameras incorporating a CCD image pick-up 
□ 10 element have recently been spreading as a result of a trend toward CCD image 
pick-up elements having higher resolution and smaller sizes. Fig. 8A is an 
external view of a conventional video camera. 

2001 represents a video camera body; 2002 represents a liquid crystal 
panel; 2003 represents a view finder; 2004 and 2005 represent operating 
15 switches; and 2006 represents a lens. In the video camera shown in Figs. 8A 
and 8B, an image taken in through the lens 2006 is converted by the CCD 
image-pick up element into an image signal which is in turn recorded on a 
recording medium. The liquid crystal panel 2002 and view finder 2003 are 
display devices for displaying the image signal. 
20 As shown in Fig. SB, a user 2100 can photograph an object while 

observing an image of the same displayed on the view finder 2003. Fig. 9 
shows the conventional view finder 2003. 2100-1 represents either the left or 
right eye of the user 2100. The view finder 2003 has a small liquid crystal 
panel 2003-1, and the user can observe an image displayed on the small liquid 
25 crystal panel 2003-1. 
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In the case of the conventional view finder, an image on the view finder 
2003 observed by a user 2100 is an image on the small liquid crystal panel 
2003-1, and the image is therefore considerably hard to recognize because of its 
small size and low resolution. As a result, in practice, it has been difficult for a 
user 2100 to photograph an object while observing an image of the same on the 
view finder 2003. 

Under such circumstances, conventional video cameras include an 
externally attached liquid crystal panel as represented by 2002 in Fig. 8A. Such 
a conventional external liquid crystal panel 2002 has a size in a range from about 
2 to 4 inches which is larger relative to images observed on the view finder 2003 
and which therefore provides a higher resolution. This allows a user 2100 to 
photograph an object and to reproduce a recorded image while observing an 
image of the same displayed on the external liquid crystal panel 2002. 

However, the external liquid crystal panel 2002 consumes higher power 
than the small liquid crystal panel 2003-1 of the view finder 2003 does because 
the screen size of the same is greater than that of the small liquid crystal panel 
2003-1 of the view finder 2003. When a video camera is used with such an 
external liquid crystal panel 2002 therefor in operation, the power consumption is 
about one and half times as much as that consumed when the external liquid 
crystal panel 2002 is not operated. Therefore, when a video camera is used with 
such an external liquid crystal panel 2002 operated, there is a significant 
influence on the durability of the battery which is one of the most serious 
problems with a video camera for which out-door usability and portability is 
important. It has not necessarily been advantageous for a user to use a video 
camera while checking the display on the external liquid crystal panel 2002. 
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Fig. 10 is an external view of a conventional digital camera. 3001 
represents a digital camera body; 3002 represents a liquid crystal panel; 3003 
represents a shutter button; and 3004 and 3005 represent operating switches. A 
user can take a picture while checking an image displayed on the liquid crystal 
5 panel 3002 and can reproduce a recorded image to check the same. 

However, the trend toward liquid crystal panels having greater sizes and 
higher resolutions has resulted in an increase in the power consumption of liquid 
crystal panels, and this is a significant problem for digital cameras which are 
intended for out-door use like video cameras. 

10 

% SUMMARY OF THE INVENTION 

The present invention has been conceived taking the above-described 
m problems into consideration, and it is an object of the invention to provide a view 

,Q finder which consumes less power and which can present large images havmg a 

Q 15 high resolution to users. 

According to the invention, an image on a small display element (which 
is typically a liquid crystal panel) provided on a view finder can be magnified. 
A user can observe such a magnified image by observing the view finder. For 
example, a user can observe an image of 60 inches projected two meters ahead of 
20 him or her. According to the present invention, therefore, a user of a video 
camera can check a large image by observing a view finder without observing an 
external liquid crystal panel. 

Refer now to Fig. 1. Fig. 1 shows a view finder according to the 
invention incorporated in a video camera. As shown in Fig. 1, a view finder 
25 103 according to the invention has a display element 103-1 and an optical 
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element 103-2. An image displayed on the display element 103-1 is magnified 
by the optical element 103-2 and is projected upon an eye 105 of a user to be 
recognized. This allows the user to check a large image by observing the view 
finder without observing an external liquid crystal panel, which is convenient for 
5 observation of an object. 

A view finder according to the invention may be used in various 
semiconductor apparatuses utilizing a view finder other than video cameras. 

Configurations of view finders according to the invention will now be 
1^ described. 

Q 10 A view finder according to the invention comprises: 

a display element; and 

an optical element for magnifying an image displayed on the display 

iy element. 

=0 A view finder according to the invention comprises: 

Q 15 a display element; and 

a plurality of optical elements for magnifying an image displayed on the 
display element. 

A view finder according to the invention comprises: 
a display element; and 
20 an optical element for magnifying an image displayed on the display 

element and projecting it upon an eye of a user. 

A view finder according to the invention comprises: 
a display element; and 

a plurality of optical elements for magnifying an image displayed on the 
25 display element and projecting it upon an eye of a user. 

4 



The display element used in a view finder according to the invention 
may be a liquid crystal display element. 

The display element used in a view finder according to the invention 
may be an organic EL display element. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic configuration diagram of a video camera having a 
view finder according to the invention. 

Fig. 2 is a schematic configuration diagram of a video camera having a 
10 view finder according to the invention. 

Figs. 3A, 3B and 3C are perspective views of video cameras having a 
view finder according to the invention. 

Fig. 4 is a schematic configuration diagram of a video camera having a 
\Q view finder according to the invention. 

Q 15 Fig. 5 is a schematic configuration diagram of a video camera having a 

view finder according to the invention. 

Fig. 6 is a schematic configuration diagram of a digital camera having a 
view finder according to the invention. 

Figs. 7A and 7B are schematic configuration diagrams of a video camera 
20 having a view finder according to the invention. 

Fig. 8A is a perspective view of a conventional video camera. 
Fig. 8B is a scene that a user is observing an image on the view finder in 
the conventional video camera. 

Fig. 9 is a schematic configuration diagram of a video camera having a 
25 conventional view finder. 
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Fig. 10 is an external view of a conventional digital 

camera. 

Fig. 11 is a graph showing an applied voltage - transmittance 
characteristic of a thresholdless antiferroelectric mixed liquid crystal. 

Figs. 12A and 12B illustrate a configuration of an EL display device 
according to a sixth embodiment of the invention. 

Figs. 13A and 13B illustrate a configuration of an EL display device 
according to a seventh embodiment of the invention. 

Fig. 14 is a sectional view of an EL display device according to an 
eighth embodiment of the invention showing a configuration of a pixel portion 
thereof. 

Figs. 15A and 15B are a plan view and a circuit diagram of the EL 
display device according to the eighth embodiment showing a configuration of 
the pixel portion thereof. 

Fig. 16 is a sectional view of an EL display device according to a ninth 
embodiment of the invention showing a configuration of a pixel portion thereof. 

Figs. 17A, 17B and 17C are circuit diagrams of an EL display device 
according to a tenth embodiment of the invention showing configurations of a 
pixel portion thereof. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Preferred embodiments of a view finder according to the invention will 
now be descried. The view finder according to the invention is not limited to 
the following embodiments. 



[First Embodiment] 

Refer to Fig, 2. Fig. 2 shows a view finder 203 according to the 
present embodiment incorporated in a video camera 201. As shown in Fig. 2, 
the view finder 203 according to the present embodiment has a display element 
203-1 and optical elements 203-2 and 203-3. Light emitted by the display 
element 203-1 impinges upon the optical element 203-2 through the optical 
element 203-3. The light incident upon the optical element 203-2 is reflected 
by reflecting surfaces of the optical element 203-3 to exit from a transmitting 
surface thereof and to then exit from the view finder 203. A user of the video 
^ 10 camera 201 recognizes a magnified image by observing the light exiting the view 
fl finder 203 according to the invention. 

Light incident upon the optical element 203-3 used in the view finder 
IJ 203 of the present embodiment is reflected twice by the reflecting surfaces to exit 
O from the transmitting surface. With the view finder 203 of the present 
□ 15 embodiment, an image displayed on the display element 203-1 is thus magnified 
by the optical elements 203-2 and 203-3 and is recognized by an eye 205 of a 
user. This allows the user to check a large image by observing the view finder 
203 without observing an externally attached display device. 

Typically, a liquid crystal panel is used as the display element of the 
20 view finder according to the present embodiment. The display mode of the 
liquid crystal display may be a twist nematic (TN) mode or field-controlled 
birefringent mode utilizing a nematic liquid crystal. The liquid crystal panel 
may be configured using a ferroelectric liquid crystal or antiferroelectric liquid 
crystal or a mixture of such* liquid crystals. It is possible to use a ferroelectric 
25 liquid crystal that exhibits thresholdless response to an applied voltage or an 
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antiferroelectric liquid crystal or a mixture of such liquid crystals, 

Fig. 11 is a graph showing the characteristics of the optical transmittance 
of a thresholdless antiferroelectric mixed liquid crystal relative to an applied 
voltage. The polarizing axis of the entrance-side polarizing plate of the liquid 
5 crystal panel is set substantially in parallel with the normal direction of a smectic 
layer of a thresholdless antiferroelectric mixed liquid crystal that substantially 
agrees with the rubbing direction of the liquid crystal panel. The polarizing axis 
of the exit side polarizing plate is set substantially perpendicular (cross Nicol) to 
;3 the polarizing axis of the entrance side polarizing plate. Thus, the use of a 

2 10 thresholdless antiferroelectric mixed liquid crystal allows gray scale 
•"i representation that exhibits an applied voltage-transmittance characteristic as^ 

shown in Fig. 11. 

Jri In general, a thresholdless antiferroelectric mixed liquid crystal has 

significant spontaneous polarization, and the liquid crystal itself has a high 
I;^ 15 dielectric constant. Therefore, when a thresholdless antiferroelectric mixed 
liquid crystal is used for a liquid crystal display device, a pixel must have a 
relatively large storage capacity. It is therefore preferable to use a thresholdless 
antiferroelectric mixed liquid crystal that exhibits less spontaneous polarization. 
Line sequential driving of a liquid crystal panel makes it possible to increase the 
20 time for writing a gray scale voltage to a pixel (pixel field period), which allows 
even a small storage capacity to be compensated. 

The use of a thresholdless antiferroelectric liquid crystal allows a 
reduction in the power consumption of the liquid crystal display device because 
driving can be performed at a low voltage. 
25 Figs. 3A, 3B and 3C show examples of video cameras utilizing a view 
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finder 203 according to the present embodiment. In Figs. 3A, 3B and 3C, 201 
represents a video camera body; 203 represents a view finder according to the 
present embodiment; 204 represents a lens; and 206 and 207 represent operating 
switches. Fig. 3B shows a video camera having an externally attached liquid 
5 crystal panel 208. The video camera bodies of the video cameras shown in Figs. 
3A and 3B have different configurations and sizes. 

A view finder according to the present embodiment may be used even in 
_ a video camera having an external liquid crystal panel like the video camera 

■S shown in Fig. 3B. In this case, a magnified image can be observed by 

2 10 observing the view finder 203 without operating the external liquid crystal panel 
208. The view finder according to the embodiment is therefore quite 
_ " convenient when the video camera must be battery-operated as in the case of 

out-door use. 

g 15 [Second Embodiment] 

Refer to Fig. 4. Fig. 4 shows a view finder according to the present 
embodiment incorporated in a video camera 401. As shown in Fig. 4, a view 
finder 403 according the present invention has a display element 403-1 and an 
optical element 403-2. The optical element 403-2 is an optical element such as 
20 a lens. Light emitted by the display element 403-1 impinges upon the optical 
element 403-3 to be magnified and emitted from the view finder 403. A user of 
the video camera 401 recognizes the magnified image by observing light exiting 
from the view finder 403 according to the invention. 

With the view finder 403 of the present embodiment, an image displayed 
25 on the display element 403-1 is thus magnified by the optical element 403-2 and 
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recognized by an eye 405 of a user. This allows the user to check a magnified 
image by observing the view finder 403 without observing an external display 
device. 

A display element as described in the first embodiment is used as the 
5 display element 403-1 according to the present embodiment. The video 
cameras shown in Figs. 3A, 3B and 3C and described in the first embodiment are 
examples of video cameras utilizing a view finder according to the present 
_ embodiment. 

O 10 [Third Embodiment] 

^2 Refer to Fig. 5. Fig. 5 shows a view finder according to the present 

""^ embodiment incorporated in a video camera 501. As shown in Fig. 5, a view 

Jjt finder 503 according to the present embodiment has a display element 503-1 and 

:i an optical element 503-2. Light emitted by the display element 503-1 

15 impinges upon the optical element 503-2. The light incident upon the optical 
element 503-2 is reflected by reflecting surfaces of the optical element 503-2 to 
exit from a transmitting surface thereof and to then exit from the view finder 503. 
A user of the video camera 501 recognizes a magnified image by observing the 
light exiting the view finder 503 according to the invention. 
20 With the view finder 503 of the present embodiment, an image displayed 

on the display element 503-1 is thus magnified by the optical element 503-2 and 
recognized by an eye 505 of a user. This allows the user to check a magnified 
image by observing the view finder 503 without observing an external display 
device. 

25 A display element as described in the first embodiment is used as the 
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display element 503-1 according to the present embodiment. The video 
cameras shown in Figs. 3A, 3B and 3C and described in the first embodiment are 
examples of video cameras utilizing a view finder according to the present 
embodiment. 

5 

[Fourth Embodiment] 

The present embodiment will refer to the use of a view finder according 
to the invention described in any of the first, second and third embodiments in a 
digital camera. 

10 Refer to Fig. 6. Fig. 6 shows a digital camera incorporating a view 

finder according to the invention described in any of the first, second and third 
embodiments. 601 represents a digital camera body; 602 represents a view 
finder according to the invention; 603 represents a shutter button; and 604 and 
605 represent operating switches. 

15 The digital camera 601 according to the present embodiment allows a 

user observing the view finder 602 to check a magnified image because it 
incorporates the view finder 602 according to the invention. This is very 
convenient for photographing and reproduction of an image with the digital 
camera. 

20 

[Fifth Embodiment] 

Refer to Figs. 7A and 7B. Fig. 7A shows a view finder according to 
the present embodiment incorporated in a video camera 701. The view finder 
703 of the present embodiment has a display element 703-1. Fig. 7B is an 
25 enlarged view of the display element 703-1. The display element 703-1 of the 
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present embodiment has a substrate 703-1-1, a substrate 703-1-2 and a display 
medium 703-1-3. In the present embodiment, a liquid crystal is used as the 
display medium 703-1-3. The surface of one of the substrates 703-1-2 of the 
display element 703-1 on the light emitting side thereof has a spherical 
5 configuration and acts as a lens. Light from the display element 703-1 exits 
from the view finder 703. A user of the video camera 701 recognizes a 
magnified image by observing the light exiting from the view finder 703 
^™ according to the invention. 

With the view finder 703 of the present embodiment, an image displayed 
10 on the display element 703-1 is thus magnified and recognized by an eye 705 of a 
;2 user. This allows the user to check a magnified image by observing the view 

finder 703 without observing an external display device. 
=^ A display element as described in the first embodiment is used as the 

J3 display element 703-1 according to the present embodiment. The cameras 

Q 15 shown in Figs. 3A, 3B and 3C and described in the first or fourth embodiment 
are examples of video cameras and digital cameras utilizing a view finder 
according to the present embodiment. 

[Sixth Embodiment] 

20 The present embodiment will refer to an example of the fabrication of an 

EL (electroluminescence) display device as a display device of a view finder 
according to the invention. 

Fig. 12A is a plan view of an EL display device according to the present 
embodiment. In Fig. 12A, 4010 represents a substrate; 4011 represents a pixel 

25 portion; 4012 represents a source-side driving circuit; and 4013 represents a 
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gate-side driving circuit. Each of the driving circuits is connected to an FPC 
4017 through lines 4014 through 4016 and is connected to an external apparatus. 

Fig. 12B shows a sectional structure of the EL display device of the 
present embodiment. A cover member 6000, a seal member 7000 and a 
5 hermetic member (a second seal member) 7001 are provided to enclose at least 
the pixel portion and, preferably, the driving circuits and pixel portion. 

TFTs 4022 for the diving circuits (a CMOS circuit which is a 
combination of an n-charmel type TFT and a p-channel type TFT is shown here) 
and a TFT 4023 for the pixel portion (only a TFT for controlling a current 

10 supplied to the EL element is shown here) are formed on the substrate 4010 and 
an underlying film 4021. 

When the driving circuit TFTs 4022 and the pixel portion TFT 4023 are 
completed, a pixel electrode 4027 constituted by a transparent conductive film 
electrically connected to the drain of the pixel portion 4023 is formed on a layer 

15 insulation film (planarizing film) 4026 made of a resin material. A compound 
of indium oxide and tin oxide (referred to as "ITO") or a compound of indium 
oxide and zinc oxide may be used as the transparent conductive film. After the 
pixel electrode 4027 is formed, an insulation film 4028 is formed, and an opening 
is formed over the pixel electrode 4027. 

20 Next, an EL layer 4029 is formed. The EL layer 4029 may be formed 

in a multi-layer structure or single-layer structure from an arbitrary combination 
of known EL materials (hole injection layer, hole transport layer, emission layer, 
electron transport layer or electron injection layer). The structure may be 
obtained using known techniques. The EL materials include low molecular 

25 type materials and high molecular type (polymer type) materials. While a vapor 
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deposition process is used for a low molecular type material, a simpler method 
such as a spin coating process, printing process or inkjet process may be used for 
a high molecular type material. 

According to the present embodiment, the EL layer is formed through a 
5 vapor deposition process using a shadow mask. Color representation can be 
performed by forming emission layers (a red emission layer, green emission layer 
and blue emission layer) from which light having a different wavelength can be 
emitted at each pixel using a shadow mask. Any of other methods may be used, 
^ including a method in which a color conversion layer (CCM) and a color filter 

~ 10 are combined and a method in which a white emission layer and a color filter are 
2 combined. Obviously, an EL display device of monochromatic emission may 

be provided. 

ij After the EL layer 4029 is formed, a cathode 4030 is formed thereon. 

O The presence of moisture or oxygen at the interface between the cathode 4030 

ass, 

5 15 and the EL layer 4029 is preferably minimized. Therefore, measures must be 
taken including the continuous formation of the EL layer 4029 and cathode 4030 
in vacuum and the formation of the EL layer 4029 in an inert atmosphere and the 
formation of the cathode 4030 without exposing it to the* atmosphere. 
According to the present embodiment, such film formation is realized by using a 

20 multi-chamber type (cluster tool type) film forming apparatus. 

According to the present embodiment, a multi-layer structure constituted 
by a LiF (lithium fluoride) film and an Al (aluminum) film is used as the cathode 
4030. Specifically, a LiF (lithium fluoride) film having a thickness of 1 nm is 
formed on the EL layer 4029 using a vapor deposition process, and an aluminum 

25 film having a thickness of 300 nm is formed on the same. A MgAg electrode 
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which is a well-known cathode material may obviously be used. The cathode 
4030 is connected to the line 4016 in a region thereof represented by 4031. The 
line 4016 is a power supply line for applying a predetermined voltage to the 
cathode 4030 and is connected to the FPC 4017 through a conductive paste 
5 material 4032. 

In order to electrically connect the cathode 4030 and line 4016 in the 
region represented by 4031, contact holes must be formed in the layer insulation 
film 4026 and insulation film 4028. They may be formed when the layer 
insulation film 4026 is etched (when a contact hole for the pixel electrode is 

10 formed) or when the insulation film 4028 is etched (when the opening is formed 
prior to the formation of the EL layer). Alternatively, the layer insulation film 
4026 is etched at the same time when the insulation film 4028 is etched. In this 
case, the contact holes can be formed with a preferable configuration if the layer 
insulation film 4026 and insulation film 4028 are made of the same resin 

15 material, 

A passivation film 6003, a filler 6004 and a cover member 6000 are 
formed such that they cover the EL element thus formed. 

' Further, a seal member 7000 is provided inside the cover member 6000 
and substrate 4010 such that it surrounds the EL element portion, and a hermetic 
20 member (second sealing member) 7001 is formed outside the seal member 7000. 

The filler 6004 also serves as an adhesive to bond the cover member 
6000. PVC (polyvinyl chloride), epoxy resin, silicone resin, PVB (polyvinyl 
butyral) or EVA (ethylene vinyl acetate) may be used as the filler 6004. A 
drying agent is preferably provided within the filler 6004 because it will maintain 
25 a moisture absorbing effect. 
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Spacers may be included in the filler 6004. The spacers may be a 
granular substance made of BaO or the like, which provides the spacers 
themselves with moisture absorbing properties. 

When spacers are provided, the pressure of the spacers can be mitigated 
5 by the passivation film 6003. A resin film may be provided in addition to the 
passivation film 6003 to mitigate the pressure of the spacers. 

A glass plate, aluminum plate, stainless steel plate, FRP 
i=j (fiberglass-reinforced plastics) plate, PVF (polyvinyl fluoride) film, Mylar film, 

\n polyester film or acrylic film may be used as the cover member 6000. When PVB 

p 10 or EVA is used as the filler 6000, it is preferable to use a sheet having a structure 



in which an aluminum foil of several tens um is sandwiched by PVF films or 
Mylar films. 

Provided, the cover member 6000 must be transmissible depending on 
the light-emitting direction (direction of radiation light) of the EL element. 



hermetic member 7001 define with the substrate 4010 to be electrically 
connected to the FPC 4017. While the line 4016 has been described here, the 
remaining lines 4014 and 4015 are similarly routed under the seal member 7000 
and hermetic member 7001 to be electrically connected to the FPC 4017. 



[Seventh Embodiment] 

The present embodiment will refer to an example of the fabrication of an 
EL display device having a configuration different from that of the sixth 
embodiment with reference to Figs. 13A and 13B. Like reference numbers in 
25 Figs. 13A and 13B indicate like parts which will not be described repeatedly. 
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The line 4016 is routed through a gap that the seal member 7000 and 
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Fig. 13A is a plan view of the EL display device of the present 
embodiment, and Fig. 13B is a sectional view taken along the line A-A' in Fig. 
13A. 

According to the sixth embodiment, processes up to the formation of the 
5 passivation film 6003 are carried put to cover the surface of an EL element. 

Further, the filler 6004 is provided to cover the EL element. The filler 
6004 also serves as an adhesive to bond the cover member 6000. PVC 
(polyvinyl chloride), epoxy resin, silicone resin, PVB (polyvinyl butyral) or EVA 
% (ethylene vinyl acetate) may be used as the filler 6004. A drying agent is 

S 10 preferably provided within the filler 6004 because it will maintain a moisture 
p absorbing effect. 

Spacers may be included in the filler 6004, The spacers may be a 
y granular substance made of BaO or the like, which provides the spacers 

fl themselves with moisture absorbing properties, 

5 15 When spacers are provided, the pressure of the spacers can be mitigated 

by the passivation film 6003. A resin film may be provided in addition to the 
passivation film 6003 to mitigate the pressure of the spacers. 

A glass plate, aluminum plate, stainless steel plate, FRP 
(fiberglass-reinforced plastics) plate, PVF (polyvinyl fluoride) film. Mylar film, 
20 polyester film or acrylic film may be used as the cover member 6000. When PVB 
or EVA is used as the filler 6004, it is preferable to use a sheet having a structure 
in which an aluminum foil of several tens um is sandwiched by PVF films or 
Mylar films. 

The cover member 6000 must be transmissible depending on the 
25 light-emitting direction (direction of radiation of light) of the EL element. 
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After the cover member 6000 is bonded using the filler 6004, frame 
members 6001 are attached to cover lateral surfaces (exposed surfaces) of the 
filler 6004. The frame members 6001 are bonded with the seal member (acting 
as an adhesive) 6002. While photo-setting resin is preferably used as the seal 
5 member 6002, thermo-setting resin may be used as long as acceptable v^ith 
respect to the anti-heat properties of the EL layer. The seal member 6002 is 
preferably made of a material that exhibits minimum permeability against 
Q moisture and oxygen. Further, the drying agent is preferably added within the 

seal member 6002. 

0 10 The line 4016 is routed through a gap between the seal member 6002 
^fl and the substrate 4010 to be electrically connected to the FPC 4017. While the 

line 4016 has been described here, the remaining lines 4014 and 4015 are 
rd similarly routed under the seal member 6002 to be electrically connected to the 

1 FPC 4017. 

a 15 

[Eighth Embodiment] 

According to the present embodiment. Fig. 14 shows a more detailed 
sectional structure of a pixel portion of an EL display panel, and Fig. 15A shows 
a structure thereof as viewed from above. Figs. 14, 15A and 15B use common 

20 reference numbers to allow cross reference between them. 

Referring to Fig. 14, a switching TFT 3002 provided on a substrate 3001 
may have the TFT structure according to the sixth and seventh embodiments and 
may alternatively have any other known TFT structure. The present 
embodiment employs a double-gate structure which will not be described here 

25 because it does not result in any significant difference in the structure and 
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fabrication process of the device. However, the double-gate structure is 
advantageous in that the off-current can be reduced because substantially two 
TFTs are connected in series in the same structure. While the present 
embodiment employs a double-gate structure, single-gate structure may be used 
5 and, in addition, a triple-gate structure or a multi-gate structure having a greater 
number of gates may alternatively be used. 

A current control TFT 3003 is formed using an N-TFT. A drain line 
Q 3035 of the switching TFT 3002 is electrically connected to a gate electrode 3037 

(n of the current control TFT by a line 3036. The line represented by 3038 is a 

O 10 gate line for electrically connecting gate electrodes 3039a and 3039b of the 
^0 switching TFT 3002. 

Since the current control TFT is an element for controlling the quantity 
W of the current flowing through the EL element, it may be also regarded as an 

^0 element which is subjected to high risk of deterioration due to heat or hot carriers 

Q 15 because of a high current that flows therethrough. For this reason, the structure 
is quite advantageous in that an LDD region is provided at the drain-side of the 
current control TFT such that it overlaps the gate electrode with a gate insulation 
film interposed therebetween. 

While the current control TFT 3003 of the present embodiment is 
20 illustrated as having a single-gate structure, it may have a multi-gate structure in 
which a plurality of TFTs are connected in series. Further, a structure may be 
employed in which a plurality of TFTs are connected in parallel to substantially 
provide a plurality of separate channel forming regions that allow radiation of 
heat with high efficiency. Such a structure is advantageous as a countermeasure 
25 against deterioration due to heat. 
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As shown in Fig. 15A, the line to serve as the gate electrode 3037 of the 
current control TFT 3003 is the region represented by 3004 which overlaps a 
drain line 3040 of the current control TFT 3003 with an insulation film 
interposed therebetween. At this time, a capacitor is formed in the region 
5 represented by 3004. The capacitor 3004 serves as a capacitor to maintain a 
voltage applied to the gate of the current control TFT 3003. The drain line 3040 
is connected to a current supply line (power supply line) 3006 and is always 
applied with a constant voltage. 

A first passivation film 3041 is provided on the switching TFT 3002 and 

10 current control TFT 3003, and a planarizing film 3042 constituted by a resin 
insulation film is formed on the same. It is very much important to planarize 
any step resulting from the TFTs using the planarizing film 3042. Since an EL 
layer to be formed later has a very small thickness, the presence of any step can 
cause an emission failure. It is therefore desirable to perform planarization 

15 prior to the formation of a pixel electrode to allow the EL layer to be formed as 
planar as possible. 

3043 represents a pixel electrode (a cathode of the EL element) 
constituted by a conductive film having high reflectivity which is electrically 
connected to the drain of the current control TFT 3003. The pixel electrode 
20 3043 is preferably a conductive film having low resistance such as an aluminum 
alloy film, copper alloy film or silver alloy film or a multi-layer film consisting 
of such films. Obviously, it may be combined with another conductive film to 
provide a multi-layer structure. 

An emission layer 3045 is formed in a groove (which corresponds to a 
25 pixel) defined by banks 3044a and 3044b formed by an insulation film 
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(preferably resin). While only one pixel is illustrated here, emission layers 
respectively associated with R (red), G (green) and B (blue) colors may be 
formed separately. A Jt conjugate polymer-based material may be used as an 
organic EL material for the emission layer. Typical polymer-based materials 
5 include polyparaphenylenevinylene (PPV)-based, polyvinylcarbazole 
(PVK)-based and polyfluorene-based materials. 

While there are various types of PPV-based organic EL materials, for 
example, materials as disclosed in H. Shenk, H. Becker, O. Gelsen, E. Kluge, W. 
ii Kreuder and H. Spreitzer "Polymers for Light Emitting Diodes", Euro Display, 

10 Proceedings, 1999, pp. 33-37 and Japanese unexamined patent publication No. 
HlO-92576 may be used. 

Referring specifically to the emission layers, 
m cyanopolyphenylenevinylene may be used for the emission layer emitting in red; 

S polyphenylenevinylene may be used for the emission layer emitting in green; and 

□ 15 polyphenylenevinylene or polyalkylphenylene may be used for the emission 
layer emitting in blue. The thickness of the films may be in the range from 30 
to 150 nm (or preferably from 40 to 100 nm). 

The above-described examples are merely examples of organic EL 
materials that can be used for the emission layers, and the invention is not limited 
20 by them at all. The EL layer (layer to emit light and to allow carrier movement 
therefor) may be formed by combining an emission layer, a charge transport layer 
and a charge injection layer freely. 

For example, while the present embodiment refers to an example of the 
use of polymer type materials for the emission layers, low molecular type organic 
25 EL materials may be used. Inorganic materials such as silicon carbide may also 
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be used for the charge transport layer and charge injection layer. Known 
materials may be used as such organic EL materials and inorganic materials. 

According to the present embodiment, there is provided an EL layer 
having a multi-layer structure including a hole injection layer 3046 made of 
5 PEDOT (polythiophene) or PAni (polyaniline) provided on the emission layer 
3045. An anode 3047 constituted by a transparent conductive film is provided 
on the hole injection layer 3046. In the present embodiment, since light 
generated at the emission layer 3045 is emitted toward the upper surface (upward 

:0 of the TFT), the anode must be transmissible. While a compound of indium 

y 10 oxide and tin oxide or a compound of indium oxide and zinc oxide may be used 
for the transparent conductive film, a film which can be formed at a lowest 
possible temperature is preferred because it is formed after the formation of the 

iJti emission layer and hole injection layer which have low anti-heat properties. 

% An EL element 3005 is completed when the anode 3047 is formed. 

13 15 The EL element 3005 in this context means a capacitor which is formed by the 
pixel electrode (cathode) 3043, emission layer 3045, hole injection layer 3046 
and anode 3047. Since the pixel electrode 3043 substantially coincides with the 
area of a pixel as shown in Fig. 15A, the pixel as a whole serves as an EL 
element. This allows a very high degree of utilization of emission and therefore 
20 allows an image to be displayed with high brightness. 

According to the present embodiment, a second passivation film 3048 is 
further provided on the anode 3047. A silicon nitride film or silicon nitride 
oxide film is preferably used as the second passivation film 3048. The purpose 
is to isolate the EL element from the outside, which contributes to both of 
25 prevention of deterioration attributable to the oxidation of the organic EL 
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material and the suppression of release of gases from the organic EL material. 
This improves the reliability of the EL display device. 

As described above, the EL display panel of the present embodiment has 
a pixel portion formed by pixels with a structure as shown in Fig. 14, switching 
5 TFTs having a sufficiently low off current and current control TFTs which are 
resistant to hot carriers injected therein. Thus, an EL display panel can be 
provided which is reliable and capable of displaying preferable images. 

[Ninth Embodiment] 

10 The present embodiment will refer to a structure of the pixel portion 

shown in the eighth embodiment in which the structure of the EL element 3005 is 
inverted. The description will be made using Fig. 16. Since the structure is 
different from the structure in Figs. 15A and 15B only in the regions of the EL 
element and current control TFT, the structure will not be described in any other 

15 aspect. 

Referring to Fig. 16, a current control TFT 3103 is formed using a 

P-TFT. 

According to the present embodiment, a transparent conductive film is 
used as a pixel electrode (anode) 3050. Specifically, a conductive film made of 
20 a compound of indium oxide and zinc oxide is used. Obviously, a conductive 
film made of a compound of indium oxide and tin oxide may be used instead. 

After forming banks 3051a and 3051b constituted by insulation films, a 
solution is applied to form an emission layer 3052 made of polyvinylcarbazole. 
An electron injection layer 3053 made of potassium acetylacetonate and an 
25 cathode 3054 made of an aluminum alloy are formed on the same. In this case, 
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the cathode 3054 serves also as a passivation film. An EL element 3101 is thus 
foraied. 

According to the present embodiment, as indicated by the arrow, light 
generated at the emission layer 3052 is emitted toward the substrate on which 
5 TFTs are formed. 

The configuration of the present embodiment may be implemented in 
arbitrary combination with any of the configurations according to the first 
through seventh embodiments. The EL display panel of the present 
;y embodiment is advantageously used as a display portion of an electronic 

S 10 apparatus according to the seventh embodiment of the invention. 

[Tenth Embodiment] 

m According to the present embodiment. Figs. 17A, 17B and 17C show 

• n examples of pixels having structures different from that shown in the circuit 

i5 15 diagram of Fig. 15B. In the present embodiment, 3201 represents a source line 
of a switching TFT 3202; 3203 represents a gate line of the switching TFT 3202; 
3204 represents a current control TFT; 3205 represents a capacitor; 3206 and 
3208 represent current supply lines; and 3207 represents an EL element. 

Fig. 17A shows an example in which a current supply line 3206 is 
20 shared by two pixels. Specifically, the example is characterized in that two 
pixels are formed line symmetrically about a current supply line 3206. In this 
case, since the number of current supply lines can be reduced, the pixel portion 
can be provided with higher fineness. 

Fig. 17B shows an example in which current supply lines 3208 are 
25 provided in parallel with gate lines 3203. While Fig. 17B shows a stmcture in 
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which the current supply lines 3208 and gate lines 3203 are provided such that 
they do not overlap each other, they may be provided in an overlapping 
relationship with an insulation film interposed if they are lines formed in 
different layers. In this case, the fineness of the pixel portion can be further 
5 improved because current supply lines 3208 and gate lines 3203 can occupy 
common areas. 

Fig. 17C is characterized in that current supply lines 3208 are provided 
in parallel with gate lines 3203 as in the structure in Fig. 17B and in that two 
pixels are formed line symmetrically about a current supply line 3208. It is also 
10 advantageous to provide a current supply line 3208 such that it overlaps either of 
the relevant gate lines 3203. In this case, the fineness of the pixel portion can 
be further improved because the number of the current supply lines can be 
reduced. 

15 [Eleventh Embodiment] 

While Figs. 15A and 15B for to the eighth embodiment show a structure 
in which a capacitor 3004 is provided to maintain a voltage applied to the gate of 
a current control TFT 3003, the capacitor 3004 may be deleted. According to 
the present embodiment, a TFT having an LDD region provided in an 

20 overlapping relationship with a gate electrode with a gate insulation film 
interposed is used as the current control TFT 3003. While a parasitic 
capacitance generally referred to as "gate capacitance" is formed in the 
overlapping region, the present embodiment is characterized in that the parasitic 
capacitance is actively used instead of the capacitor 3004. 

25 Since the parasitic capacitance varies depending on the area of the 
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m 



above-described overlapping region between the gate electrode and LDD region, 



the capacitance is determined by the length of the LDD region included in the 



overlapping region. 



The capacitor 3205 may be similarly deleted from the structures in Figs. 



5 17A, 17B and 17C shown in the tenth embodiment. 

The present invention makes it possible to provide a magnified image 
having a high resolution with a view finder. The present invention therefore 
allows a user of a video camera or a digital camera to check a magnified image 
by observing a view finder without observing an externally attached liquid 
Q 10 crystal panel having a large screen. 



Thus, the present invention makes it possible to reduce power 



consumption of a digital camera or video camera. 
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